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An effective quasiparticle description of deconfined QCD thermodynamics compat-
ible with both finite temperature nonperturbative lattice data and the asymptotic
limit is generalized to finite chemical potential. Implications for the Nf = 4 flavor
lattice data extended to µ 6= 0 as well as for deconfined matter with realistic quark
masses are considered.
Matter in or close to local thermodynamic equilibrium can be described
by its equation of state (EoS), to study, e. g., the cosmologic evolution or the
dynamics of heavy-ion collisions in the framework of hydrorelativistic equa-
tions. In the examples mentioned, for strong excitations, the expected tran-
sition of hadronic matter to a plasma state of deconfined quarks and gluons,
and hence, its EoS are of central importance. The coupling in the physi-
cally relevant regime being large, nonperturbative methods as lattice QCD
are required to describe deconfined matter reliably. As a matter of fact, these
simulations are presently restricted to vanishing chemical potential µ, and
the implementation of physical quark masses is still too expensive numeri-
cally, so the EoS is not yet known from first principles. Here we generalize
a quasiparticle approach, which reproduces finite temperature lattice results,
and present realistic extensions of EoS’s to µ 6= 0.
Asymptotically, the collective behavior of the plasma can be interpreted
in terms of quasiparticle excitations with a dispersion relation ω2i (k) ≈ m
2
i+k
2
and m2i = m
2
0i + Π
∗
i depending on the rest mass m0i and the leading order
on-shell selfenergies1,
Π∗q = 2ωq0 (m0 + ωq0) , ω
2
q0 =
N2c − 1
16Nc
[
T 2 +
µ2q
pi2
]
G2 ,
Π∗g =
1
6
[(
Nc +
1
2
Nf
)
T 2 +
Nc
2pi2
∑
q
µ2q
]
G2 . (1)
Decomposed into the various quasiparticle contributions and their interaction
B, the pressure of the quasiparticle system
p(T, µ;m20i) =
∑
j
pidj (T, µj(µ);m
2
j )−B(Π
∗
i ) (2)
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is stationary with respect to the selfenergies2, ∂p/∂Π∗i = ∂p
id
i /∂m
2
i −
∂B/∂Π∗i = 0, and represents an effective resummation of the leading-order
thermal contributions3. By comparison to lattice data, at µ = 0, this intuitive
picture has been shown4 to hold even close to confinement, with the effective
coupling in (1) nonperturbatively parametrized by
G2(T, µ = 0) = 48pi2
[
(11Nc − 2Nf) ln
(
T + Ts
Tc/λ
)2 ]−1
, (3)
interpolating to the asymptotic limit of QCD.
In the following, the approach is generalized to finite values of µ, where,
as a consequence of the stationarity of the pressure, B is determined in dif-
ferential form by
∂B
∂T
=
∑
j
∂pid
∂m2j
∂Π∗j
∂T
≡ BT ,
∂B
∂µ
=
∑
j
∂pid
∂m2j
∂Π∗j
∂µ
≡ Bµ . (4)
The functions BT and Bµ have to respect the integrability condition
∂BT
∂µ
−
∂Bµ
∂T
=
∑
j
[
∂nidj
∂m2j
∂Π∗j
∂T
−
∂sidj
∂m2j
∂Π∗j
∂µ
]
= 0 , (5)
which features a flow equation for G2(T, µ). Together with (1,2) it allows to
extend the EoS from µ = 0, calculated, e. g., by lattice QCD and parametrized
by G2(T, 0), to finite values of µ in a thermodynamically consistent way.
The approach is first applied to the model case of a QCD plasma with
Nf = 4 light quark flavors. At vanishing chemical potential, the EoS cal-
culated on the lattice5 in a restricted interval of T is reproduced by the ef-
fective coupling (3) with λ = 6.7 and Ts/Tc = −0.81 as well as appropriate
numbers of quasiparticle degrees of freedom. In the weak coupling limit,
m2i /T
2 ∼ G2 → g2 → 0, the equation (5) reduces to
pi2
(
cT 2 +
µ2
pi2
)
1
µ
∂g2
∂µ
−
(
T 2 +
µ2
pi2
)
1
T
∂g2
∂T
= 0 , c =
4Nc + 5Nf
9Nf
, (6)
which yields an elliptic flow with g2 being constant along the characteristics
cT 4 + 2T 2(µ/pi)2 + (µ/pi)4 = const. In the nonperturbative regime shown in
Figure 1, the pronounced increase of G2 towards the region of small T, µ re-
flects the vicinity of confinement, while asymptotically the coupling decreases
as expected. It is worth to note that the pressure p(T, µ) of the system be-
comes negative for certain values of µ at small temperatures. This region of
instability provides a lower boundary for the value of the confining chemical
potential µc ≥ 3.4Tc at T = 0.
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Addressing a physically relevant question, the EoS of deconfined quark
gluon matter with vanishing net strangeness, µs = 0, is estimated in the
quasiparticle approach for µu = µd = µ, with realistic quark masses taken
into account. Until precise lattice data may be available for µ = 0, the
unknown effective coupling G2(T, µ = 0) can be parametrized by reasonable
choices of λ and Ts/Tc, which are constrained by the Gibbs condition at the
finite temperature confinement transition Tc ≈ 150MeV. The thermodynamic
potential p(T, µ) with a representative choice of the model parameters is shown
in Figure 2. The confinement region is characterized by a distinct reduction
of the effective degrees of freedom. As known qualitatively from lattice results
at µ = 0, the energy density e = T ∂p/∂T + µ∂p/∂µ − p approaches some
80...90% of its asymptotic value already near the confinement region, leading
there to a considerable softening of the EoS. Due to the stationarity of the
pressure, ∂p/∂Π∗i = 0, these features are to a large extent insensitive to the
model parameters so the approach provides realistic estimates for the EoS of
deconfined matter with detailed consequences for heavy-ion collisions to be
studied in hydrorelativistic models.
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Figure 1. The effective coupling α = G2/4pi
for the Nf = 4 QCD plasma.
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Figure 2. The pressure of the (2+1) quark
gluon plasma scaled by the asymptotic limit.
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